Introduction: Naldemedine is a peripherally-acting µ-opioid-receptor antagonist, approved in Japan for opioid-induced constipation (OIC). In two open-label, single-arm, Phase III studies, we evaluated the safety and efficacy of naldemedine in Japanese patients with OIC receiving regular-use opioids (COMPOSE-6) or prolonged-release oxycodone (COMPOSE-7) for chronic noncancer pain. Methods: Eligible Japanese adults with OIC and chronic noncancer pain received once-daily oral naldemedine 0.2 mg for 48 weeks, irrespective of food intake. Primary end points included measures of treatment-emergent adverse events (TEAEs), pain intensity, and opioid withdrawal. Secondary efficacy end points were evaluated at treatment week 2. Patient Assessment of Constipation Symptoms (PAC-SYM) and Quality of Life (PAC-QOL) scores were evaluated in both 48-week studies. Results: Of patients enrolled in COMPOSE-6 (N = 43) and COMPOSE-7 (N = 10), TEAEs were reported in 88% (95% CI 74.9-96.1) and 90% (95% CI 55.5-99.7), respectively. The most frequently reported TEAEs, nasopharyngitis and diarrhea, were mostly mild or moderate in severity. Assessments of pain intensity and opioid withdrawal remained stable over the 48-week treatment periods of both studies. The proportion of spontaneous bowel-movement responders at week 2 in COMPOSE-6 was 81.0% (95% CI 65.9-91.4) and 90.0% (95% CI 55.5-99.7) in COMPOSE-7. Significant and sustained improvements in PAC-SYM and PAC-QOL scores were also observed in both studies (all P<0.05). Conclusion: Side effects that occurred with naldemedine were mostly mild or moderate in severity, and the data suggested that naldemedine can improve bowel function and QOL in Japanese patients with OIC receiving regular-use opioids or prolonged-release oxycodone for chronic noncancer pain. Keywords: opioids, peripherally-acting µ-opioid-receptor antagonists, patient assessment of constipation QOL, PAC-QOL, patient assessment of constipation symptoms, PAC-SYM, clinical studies, bowel function
Introduction
Opioid analgesics are prescribed for the management of chronic pain, which has an estimated prevalence of 39% in the general population of Japan. 1, 2 The use of opioids is commonly associated with debilitating side effects, such as opioid-induced constipation (OIC). 3, 4 Approximately 40%-60% of patients receiving opioids for chronic noncancer pain develop OIC. 5, 6 The burden of OIC can adversely affect adherence to a prescribed opioid regimen, which can consequently impede adequate management of pain. 7, 8 Correspondingly, patients with OIC report a poor quality of life (QOL). 7, 8 The binding of opioids to µ-opioid receptors in the gastrointestinal tract alters enteric neural output, which in turn induces physiological changes, such as impaired gut motility and decreased fluid secretion, which contribute to the manifestation of OIC. 9 Despite prevalent use, conventional laxatives are typically ineffective, because they do not target the underlying mechanism of OIC. 9, 10 Additionally, laxatives can further diminish QOL in patients with OIC. 11 A combination regimen of prolonged-release (PR) oxycodone hydrochloride and the µ-opioid-receptor antagonist naloxone has been found to decrease the incidence of OIC significantly in patients with chronic noncancer pain. 4 However, when taken in high doses, naloxone can cross the blood-brain barrier, 12 and there have been multiple case reports on negation of the analgesic benefits of PR oxycodone and precipitation of opioid-withdrawal syndrome in patients with compromised liver function. [13] [14] [15] Naldemedine, a peripherally-acting µ-opioid-receptor antagonist (PAMORA), is approved for the treatment of OIC in Japan 16 and in adults with chronic noncancer pain in the US. 16 Unlike that of naloxone, the structure of naldemedine limits the drug's ability to cross the blood-brain barrier and impact activity in the central nervous system. 17 Accordingly, multiple global Phase III clinical studies have demonstrated the safety and efficacy of naldemedine in treating OIC without hindering the analgesic benefits of opioid therapy or inducing signs or symptoms of opioid withdrawal in patients with chronic noncancer pain or cancer. 18, 19 The long-term safety of coadministering naldemedine and PR oxycodone or other opioids in Japanese patients with chronic noncancer pain has yet to be determined. In Japan, PR oxycodone is indicated for the management of cancer pain, but has yet to be approved for chronic noncancer pain. 20, 21 Here, we report results from two open-label Phase III clinical studies that evaluated the long-term safety and efficacy of naldemedine in Japanese patients with OIC receiving regularuse opioids (COMPOSE-6) or PR oxycodone (COMPOSE-7) for chronic noncancer pain.
Methods
The COMPOSE-6 and COMPOSE-7 studies were singlearm, open-label, Phase III clinical studies. COMPOSE-6 was conducted across 21 sites, and COMPOSE-7 was conducted across nine sites, all in Japan. Both studies were approved by the respective institutional review boards (IRBs In both studies, patients received once-daily oral naldemedine at a dose of 0.2 mg (Shionogi & Co., Ltd., Osaka, Japan) for 48 weeks, which was divided into 2-week and 46-week treatment periods. In COMPOSE-6, patients received regular-use opioids and in COMPOSE-7, patients received PR oxycodone for management of chronic noncancer pain. The COMPOSE-7 study also consisted of a preliminary enrollment phase of 4-12 weeks, during which patients were switched from regular-use opioids or nonopioid analgesics to PR oxycodone prior to initiating treatment with naldemedine. Types of regular-use opioids allowed in COMPOSE-6 were any opioids approved in Japan for chronic noncancer pain, such as morphine, codeine, and fentanyl. Tramadol was allowed only if used with other regular-use opioids. In COMPOSE-6 and COMPOSE-7, dose reductions to naldemedine 0.1 mg or temporary discontinuations of naldemedine were allowed during the 46-week treatment period. A regular-use laxative regimen was maintained in patients who routinely received laxatives in both studies.
Eligible patients in COMPOSE-6 (aged ≥20 years) had chronic (≥3 months) noncancer pain, had received 100%-150% of the dose of regular-use opioids for 2 weeks prior to enrollment, and had OIC. Eligible patients in COMPOSE-7 (aged ≥20 years to <80 years) had chronic (≥3 months) noncancer pain and OIC, and were successfully switched from regular-use opioids or nonopioid analgesics to a stable dose of PR oxycodone for 2 weeks prior to initiating treatment with naldemedine. The diagnostic threshold for OIC for both studies was five or fewer spontaneous bowel movements (SBMs) during the 2 weeks prior to enrollment and experiencing straining, a sensation of incomplete evacuation, or passage of hard pellets in ≥25% of all BMs. 22 For both studies, patients were excluded if they had never taken laxatives for OIC, had current or previous cancer, or had a condition other than OIC that could have contributed to abnormal bowel function.
The primary objective for COMPOSE-6 and COMPOSE-7 was to determine the long-term safety of naldemedine in patients with OIC who were receiving regular-use opioids or PR oxycodone, respectively, for chronic noncancer pain. The primary end points of COMPOSE-6 and COMPOSE-7 were summary measures of treatment-emergent adverse events (TEAEs) defined by the Medical Dictionary for Regulatory Activities (MedDRA) version 16.1. The incidence of major adverse cardiac events (MACEs), defined using standardized MedDRA queries, was also recorded in both studies. In COMPOSE-6, pain intensity was assessed using the numeric rating scale daily from baseline to week 2 and every 12 weeks from week 12 to week 48. In COMPOSE-7, pain intensity was assessed using the 24-hour average Brief Pain Inventory severity score daily from baseline to week 2 and every 4 weeks from week 4 to week 48. In both studies, opioid withdrawal was assessed using Clinical Opioid Withdrawal Scale (COWS) scores at baseline and weeks 2, 12, 24, 36, and 48.
Secondary efficacy end points in both studies included the proportion of SBM responders or complete SBM (CSBM) responders during the 2-week treatment period. An SBM responder was defined as a patient with three or more SBMs per week and an increase of one or more SBMs per week from baseline (2-week period prior to enrollment). A CSBM responder was defined as a patient with an SBM that was associated with a feeling of complete bowel evacuation. Efficacy was further assessed by mean weekly change from baseline to the end of the 2-week treatment period in SBMs, CSBMs, and SBMs without straining. In both studies, Patient Assessment of Constipation-Symptoms (PAC-SYM) and PAC-QOL scores were recorded at baseline, week 2, and every 4 weeks from week 4 to week 48. Post hoc analyses on the proportion of SBM responders by type of opioid therapy (oxycodone, morphine, fentanyl, or other) and daily dose of opioids (>60 mg or ≤60 mg) were performed on the combined populations of patients in COMPOSE-6 and COMPOSE-7.
In Japan, a limited number of patients are prescribed opioids for the treatment of noncancer pain, and at the time of these studies PR oxycodone was not approved for the treatment of patients with noncancer pain. For these reasons, enrollment was expected to be challenging. Based on these issues, the planned sample size for COMPOSE-6 was 40 enrolled patients and approximately ten patients for COMPOSE-7. In COMPOSE-6, safety analyses were performed in the safety population, defined as all patients who had received one or more doses of the study drug. The COMPOSE-7 study consisted of two separate safety populations, of which this manuscript reports only safety analyses from safety population 1, which is defined as all patients who received one or more doses of naldemedine. Efficacy was evaluated in the full-analysis set of COMPOSE-6 and COMPOSE-7. Full-analysis populations included all enrolled patients who received one or more doses of naldemedine, received an evaluation of OIC at baseline, and had one or more evaluations of OIC after the initiation of treatment.
Using the Clopper-Pearson method, 95% CIs for TEAEs and proportions of SBM or CSBM responders were calculated. Mean changes from baseline in PAC-SYM and PAC-QOL scores to each assessed time point were analyzed using a paired t-test. Statistical significance for all analyses was set at 0.05 using two-sided tests without multiplicity adjustments. Statistical analyses were performed using SAS version 9.2 or higher (SAS Institute Inc., Cary, NC, USA).
Results
In COMPOSE-6, 43 patients were enrolled between February 24, 2014 and September 30, 2015, of which 72% (31 of 43) completed the 48-week treatment period (Figure 1) . In COMPOSE-7, ten patients were enrolled between June 30, 2014 and November 9, 2015, of which 70% (seven of ten) completed the 48-week treatment period ( Figure 1 ). All patients were Asian, with a mean of fewer than two SBMs per week at baseline (Table 1) . At baseline, the mean (± SD) total daily morphine-equivalent dose of regularuse opioids was 74.7 ± 68.6 mg and PR oxycodone was 45.3 ± 20.4 mg ( Table 1) . . "-" indicates that a value was not applicable for one study or the other. For example, in COMPOSE-6, patients received regular-use opioids and in COMPOSE-7, patients received PR oxycodone. Additionally, several 'regular use laxatives' used in COMPOSE-6 were not used in COMPOSE-7. Abbreviations: BMI, body-mass index; FAS, full-analysis set; PR, prolonged release; SBM, spontaneous bowel movement. 
131
Naldemedine in Japanese patients with OIC
Side effects that occurred with once-daily naldemedine for 48 weeks were mostly mild or moderate in severity in patients with OIC who were receiving regular-use opioid therapy or PR oxycodone for chronic noncancer pain (Table 2) . Although TEAEs were reported in 88% (38 of 43) and 90% (nine of ten) of patients in COMPOSE-6 and COMPOSE-7, respectively, treatment-related AEs occurred in only 28% of patients in COMPOSE-6 and 50% of patients in COMPOSE-7 (Table 2) . Importantly, none of the significant AEs occurring in either COMPOSE-6 (one each for anal fissure, diarrhea, and decreased blood potassium) or COM-POSE-7 (one each for malaise, increased blood triglycerides, and protein urine present) were considered related to the study drug. None of the serious AEs in COMPOSE-6 (one a Significant AEs were defined as any AE that led to withdrawal or was severe, other than a serious AE. Severe AEs were CTCAE grade 3 or higher, caused interruption of the patient's usual daily activities, or had a clinically significant effect.
b In COMPOSE-7, two patients withdrew from the study. However, given that one TEAE occurred during the preliminary screening phase, only one patient was considered to have a TEAE leading to study withdrawal. c Serious AEs were defined as any AE occurring at any dose that resulted in death, life-threatening condition, hospitalization or prolongation of existing hospitalization, persistent or significant disability or incapacity, congenital anomaly or birth defect, or other medically important conditions. Important medical events that might not result in death, were not life-threatening, or did not require hospitalization were considered serious AEs when (based upon appropriate medical judgment) they jeopardized the patient and required medical intervention to prevent one of the aforementioned outcomes. Suspected cause of death was related to venous thrombosis in the lower extremities and pulmonary embolism, which was present prior to screening. "-" Indicates that there is no 95% CI calculated for 'Serious AEs' or 'Deaths', as neither occurred in the COMPOSE-7 study. Abbreviations: AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events; PT, preferred term; SOC, system-organ class; TEAE, treatment-emergent adverse events.
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Saito et al each for urethral stenosis, cerebral infarction, cholelithiasis, ileus, and urinary tract infection) were considered related to naldemedine, and there were no serious AEs reported in COMPOSE-7. In both studies, diarrhea and nasopharyngitis were the most frequently reported TEAEs ( Table 2 ). The TEAE of diarrhea was observed mainly at the initiation of naldemedine treatment, and the majority of cases were considered mild or moderate in severity in both studies. No trends in the timing of onset of the TEAE nasopharyngitis were observed. All cases of nasopharyngitis were mild or moderate in severity and considered unrelated to the study drug.
Diarrhea was the most frequently reported treatmentrelated AE in COMPOSE-6 (14% [six of 43 patients]) and COMPOSE-7 (40% [four of ten patients]). In COMPOSE-6, TEAEs of anal fissure, ileus, and death led to study discontinuation of three patients, respectively. The death was suspected to be associated with venous thrombosis in the lower extremities and pulmonary embolism, which were D2  D3  D4  D5  D6  D7  D8  D9  D10  D11  D12  D13  D14  D15  W12  W24  W36 D2  D3  D4  D5  D6  D7  D8  D9  D10  D11  D12  D13  D14  D15  W12  W4  W8  W24  W36  W48  W44  W40  W32  W28  W20  W16 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 8 8 7 7 7 7 7 7 7 7 
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present prior to enrollment. In COMPOSE-7, one patient withdrew from the study due to a TEAE of malaise. None of the TEAEs leading to study withdrawal in either study were considered related to naldemedine. In COMPOSE-6, MACEs occurred in 7% (three of 43) of patients. The occurrence of increased blood creatine phosphokinase levels (n = 2) and cerebral infarction (n = 1) was considered unrelated to the study drug. No MACEs occurred in COMPOSE-7.
No significant clinical changes in pain intensity from baseline were observed over the treatment periods in either study (Figure 2) . Moreover, daily mean (± SD) morphine-equivalent doses of opioids changed minimally from baseline during the overall treatment period in COMPOSE-6 (1.85 ± 10.71 mg) and COMPOSE-7 (6.52 ± 16.53 mg). Mean total COWS scores were moderately stable from baseline to all assessed time points in COMPOSE-6 and COMPOSE-7 ( Figure 3) .
Proportions of SBM responders were 81% (34 of 42) in COMPOSE-6 and 90% (nine of ten) in COMPOSE-7 
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Naldemedine in Japanese patients with OIC ( Figure 4A ). Proportions of CSBM responders were 43% (18 of 42) in COMPOSE-6 and 50% (five of ten) in COMPOSE-7 ( Figure 4B) . A mean increase from baseline to the end of the 2-week treatment period in weekly frequency of SBMs, CSBMs, and SBMs without straining was observed in both studies ( Figure 5 ). The proportion of SBM responders in the combined population of patients in COMPOSE-6 and COMPOSE-7 (N = 52) was 83% (43 of 52). Subgroup analysis by opioid type revealed similar and high proportions (≥73%) of SBM responders, regardless of the type of opioid received ( Figure S1A ) or the daily dose of opioids ( Figure S1B ). In COMPOSE-6, a significant decrease (improvement) from baseline was observed in overall PAC-SYM scores and scores for each domain at week 2 (P≤0.0052) and week 48 (P≤0.0005; Figure 6A ). Similarly, in COMPOSE-7, significant decreases from baseline in overall PAC-SYM scores and scores for each domain were observed at week 2 (P≤0.0250) and week 48 (P≤0.0389; Figure 6B ). In COMPOSE-6, a significant decrease from baseline was observed in overall PAC-QOL scores and scores for each domain at week 2 (P<0.0001) and week 48 (P<0.0001; Figure 7A) . In COMPOSE-7, significant decreases from baseline in overall PAC-QOL scores and scores for all domains were observed at week 2 (P≤0.0063) and for all domains at week 48 (P≤0.0470; Figure 7B ), except for the domain of physical discomfort. 
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Discussion
Side effects that occurred with once-daily oral naldemedine 0.2 mg for 48 weeks were mostly mild or moderate in severity in Japanese patients with OIC who were receiving regular-use opioids or PR oxycodone for chronic noncancer pain. Naldemedine did not impede opioid analgesia and was not associated with signs or symptoms of opioid withdrawal throughout the studies. Improvements in bowel function were observed within 2 weeks of treatment with naldemedine in these study populations. Moreover, treatment with naldemedine was associated with significant, long-term improvements in patientreported outcomes on constipation-related symptoms and QOL.
In both studies, diarrhea and nasopharyngitis were the most frequently reported TEAEs. The TEAE of diarrhea was mainly observed during the first 2 weeks of treatment, and almost all cases were mild or moderate in severity, suggesting that diarrhea did not have a major impact on the tolerability of naldemedine. Nasopharyngitis, which could be a manifestation of opioid withdrawal, was unlikely to be a major safety concern for naldemedine because all cases were considered unrelated to naldemedine. Moreover, the incidence of nasopharyngitis was not associated with a trend regarding the initiation of naldemedine treatment. The mechanism of action of PAMORAs 17 and observations from previous naldemedine studies conducted in patients with chronic noncancer pain, 18 as well as in Japanese patients with cancer pain, 19 are consistent with the incidence of gastrointestinal disorders observed in the COM-POSE-6 and COMPOSE-7 studies. Furthermore, clinical studies with other PAMORAs, such as naloxegol and methylnaltrexone bromide, have reported an increased incidence of gastrointestinal disorders. [23] [24] [25] Favorable tolerability of naldemedine was further demonstrated by patient disposition in both COMPOSE-6 and COMPOSE-7. Overall, over 70% of patients completed both studies. In COMPOSE-6, patients withdrew mainly during the 46-week treatment period (n = 11) and only one patient during the 2-week treatment period. In COMPOSE-7, patients discontinued treatment only during the 46-week treatment period. Furthermore, only five patients in total withdrew because of AEs in either COMPOSE-6 or COMPOSE-7, whereas ten patients discontinued treatment because of ineligibility, poor response or aggravation, or withdrawal by subject.
An important outcome of these studies was that the assessments of pain intensity and opioid withdrawal showed little change throughout the 48-week treatment periods. Moreover, the dose of PR oxycodone required to manage pain levels was stable for the duration of COMPOSE-7. These results suggest that coadministration of naldemedine and PR oxycodone for the treatment of OIC in patients with chronic noncancer pain does not introduce novel safety concerns or hinder the analgesic benefits of the opioid therapy. Although postmarketing surveys in Japan can help confirm results of COMPOSE-6, results related to PR oxycodone are difficult to confirm because this therapy is not currently approved for patients with noncancer pain in Japan.
Administration of naldemedine for 2 weeks effectively treated OIC, as evidenced by the high proportions of SBM and CSBM responders and increases from baseline in the weekly frequency of SBMs, CSBMs, and SBMs without straining. The 2-week efficacy results in these studies are similar to those observed from previous randomized, doubleblind, placebo-controlled, Phase III studies evaluating the efficacy of naldemedine in patients with OIC and cancer pain 19 or OIC and chronic noncancer pain. 18 Subgroup analyses by type of opioid and dose of opioids on the pooled population of patients in COMPOSE-6 and COMPOSE-7 showed similar and high proportions of SBM responders, irrespective of the type of opioid used or the daily dose. These results suggest that naldemedine can improve bowel function in patients with OIC without requiring adjustments to the existing opioid regimen used for the management of chronic noncancer pain.
Limitations to these studies included relatively small patient populations, the lack of a placebo control, and the absence of a diverse patient population. The safety and efficacy of naldemedine have previously been demonstrated in two large, non-Japanese, randomized, double-blind, placebo-controlled, 12-week Phase III clinical studies. 18 As such, we believe that the results from COMPOSE-6 and COMPOSE-7 are important additions to the body of knowledge on the long-term use of naldemedine in Japanese patients.
Conclusion
In these open-label Phase III clinical studies, side effects occurring with once-daily oral naldemedine 0.2 mg for 48 weeks in Japanese patients with OIC who were receiving regular-use opioids or PR oxycodone for chronic noncancer pain were mostly mild or moderate in severity. Moreover, concomitant treatment with naldemedine did not interfere with the analgesic effects of opioids or precipitate any signs or symptoms of opioid withdrawal. The results suggest that treatment with naldemedine can improve bowel function and constipation-related QOL in this study population. Together, the safety and efficacy results from the COMPOSE-6 and COMPOSE-7 studies support the long-term use of naldemedine for OIC in Japanese patients receiving regularuse opioids or PR oxycodone for chronic noncancer pain.
